UNCLASSIFIED

AD NUMBER

ADA279425

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 01 APR
1940. Other requests shall be referred to
Langley Memorial Aeronautical Laboratory,
Langley AFB, VA.

AUTHORITY

E.O. 10501, 5 Nov 1953; NACA ltr May 1994

THIS PAGE IS UNCLASSIFIED




o~

%) AD-A279 425  UNCLASSI
¥ gy SSAED @f

TIONAL ADVISORY COMMITTEE

b

REPORT No. 689

e & @B 2R BE

PRELIMINARY WIND-TUNNEL INVESTIGATION _
OF AN N. A. C. A. 23012 AIRFOIL WITH VARIOUS -
ARRANGEMENTS OF VENETIAN-BLIND FLAPS

By CARL J. WENZINGER and THOMAS A. HARRIS

94-13344 DTI0 qUeet T sy
LT 1940

UNCUASSIFIER. ¢




Best
Available

Copy




C " UNCLASSIFIEL

AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metrio English
Symbol
R e
Length...... 1 meter cccccccenccannnan m foot (o; mile) . __._.... ft. (or mi.)
Time........ ] #000nd. e meaaen . second (or hour)....... soo. (or hr.)
Foroce........ 4 weight of 1 kilogram..... kg weight of 1 pound.....
Power___.... P horsepower (metric) . ....| .. ... horsepower. ___......:| hp.
kilomete hour___... k.p.h. miles per hour_ ... .p.h.
Bpeed. ... V. {eren per besonde I mot | Footphr seeond.L o1 Lpa.
' 2. GENERAL SYMBOLS
Weight=mg Kinematic viscosity
Standard acceleration of gravity=9.80665 p, Density (mass per unit volume)
‘m/s® or 32.1740 ft./sec.? Standard density of dry air, 0.12497 kg-m-s' at
Mass= 15° C. and 760 mm; or 0.002378 Ib.-ft.~* sec.?
.88 Specific weight of “standard” air, 1.2255 kg/m' or
Mnmment ?f memak—l;uk’ (Indxc;::n an)s of 0.07651 1b.fcu. ft. _ .
: us o tion & by proper subscript . R
- Coefficient ogfyn per
R 3. AERODYNAMIC SYMBOLS
i m‘ ‘ Ty Angle) of uttmg of wings (relative te thnut
" -'Apes of wing '
" Gap i,  Angle of stabiluer settmg (relative to thrust
Span lino)
- Chord Q@  Resultant moment )
Aspeot ratio Q,Vl Resultant ?uhr velocity
. . 1 p— ReynoldaNumber, where { is a linear dimension
- Truearr 1 ke (eg for a mo’del airfoil 3 in. chord, 100
Dynamic pressure=5,V? L normal pressure at 15° C,, the cor-
- 2 L respondmg number is 234,000; or for a model
Lift, absolute coefficient C=13 of 10 cm chord, 40 m.p.s., t.he corresponding
] g D number is 274,000)
‘Drag, absolute coefficient 0”="_.$' C,  Center-of-pressure _coeﬂicxent (ratio of distance
: g D of c.p. from leading edge to chord length)
Profile drag, absolute coefficient CD,,==-S° a«, Angle of attack
g D ¢ Angle of downwash
Induced drag, absolute coefficient Cp,=73 a;,  Angle of attack, infinite aspect ratio
% a;, Angle of attack, induced
Parasite drag, absolute coefficient Cp,=q—‘§ as, Angle of attack, absolute (measured from zero-
lift position)
Cross-wind force, absolute coefficient C’c=§% ¥ Flight-path angle
Resultant force
e ™

\\\»C\ ;\g&f SRS




WNCLASSIFIED

REPORT No. 689

PRELIMINARY WIND-TUNNEL INVESTIGATION
OF AN N. A. C. A. 23012 AIRFOIL WITH VARIOUS
ARRANGEMENTS OF VENETIAN-BLIND FLAPS

By CARL J. WENZINGER and THOMAS A. HARRIS
Langley Memorial Aeronautical Laboratory

Aseesaion Yor
At oRaaI

DIIC TAB a
Uoannownced o
Juatification.

By_— 'DTIC QUALITY INSPECTED 5
| Digwributionfie::
Availsbility Godes

veil end/or
Dist Specisl

UNCLASSgix
R e




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

HEADQUARTERS, NAVY BUILDING, WASHINGTON, D. C,

LABORATORIES, LANGLEY FIELD, VA,

Created by act of Congress approved March 3, 1915, for the supervision and direction of the seientific study of the problems of

flight (U. 8. Code, Title 50, Sec. 151).

Its membership was increased to 15 by act approved March 2, 1929.

T'he members are

appointed by the President, and serve a8 such without compensation.

VaANNEvAR Buss, Sc. D., Chairman,
Washington, D. C.
Gzrorax J. Meap, Sc. D., Vice Chairman,
Weat Hartford, Conn.
CuarnLes G. Asnor, Sc. D,
Secretary, Smithsonian Institution.
Henry H. ArnoLp, Major General, United States Army,
Chief of Air Corps, War Department.
Georax H. BreTT, Brigadier General, United States Army,
Chief Matéricl Division, Air Corps, Wright Field, Dayton,
Ohiu.
Lyman J. Bricas, Ph. D,
Director, National Burcau of Standards.
Roexrt E. Dorkrty, M. 8.,
Pittsburgh, Pa.

Cuinton M. Hesrer, A. B, LL. B,
Administrator, Civil Aeronautics Autharity.
ftoserr H. HinckLEY, A, B,
Chairman, Civil Aeronautics Authority.
Jenoue C. Hunsaker, Se. D,
Cambridge, Maass.
Syoxey M. Kraus, Captain, United States Navy,
Bureau of Aeronautics, Navy Departiuent.
Fraxcis W. REiCHELDERFER, S¢. D,,
Chief, United States Weather Bureau.
Joux 0. Towers, Rear Admiral, United States Navy,
Chief, Bureau of Aeronautics, Navy Department.,
Epwarp WaRx~Eg, Sc. D,
Washington, D. C.
OrviLLe WRigHT, Se. D,
Dayton, Ohio.

Grorar W. Lewis, Director of Aeronautical Research

8. PauL JornaToN, Coordinator of Research

Jonn F. Vicrory, Secretary

Hexry J. E. Reiv, Engineer in Charge, Langley Memorial Aeronautical Labdoratory, Langley Field, Va.

Joun J. Ipg, Technical Assistant in Europe, Paris, France

TECHNICAL COMMITTEES

AERODYNAMICS
POWER PLANTS FOR AIRCRAFT
AIRCRAFT MATERIALS

AIRCRAPT STRUCTURES
AIRCRAPT ACCIDENTS
INVENTIONS AND DESIGNS

Coordinalion of Kesearch Needs of Military and Civil Aviation

Preparation of Research Programs

Allocation of Problems

Prevention of Duplication

Consideration of Inventions

LANGLEY MEMORIAL AERONAUTICAL LABORATORY
LANGLEY FIELD, VA.

Unified conduct, for ali agencies, of scientific research on the

fundaniental problems of tlight.

4-1-40

OFFICE OF AERONAUTICAL INTELLIGENCE
WASHINGTON. D. C.

Collection, classification, compilation, and dissemination of
seientific and technical information on acronauties.




REPORT No. 689

PRELIMINARY WIND-TUNNEL INVESTIGATION OF AN N. A. C. A. 23012 AIRFOIL WITH
VARIOUS ARRANGEMENTS OF VENETIAN-BLIND FLAPS

By CarL J. WENzINGER and TroMAs A. HaRnris

SUMMARY

An investigation has been made in the N. A. C. A. 7- by
10-foot wind tunnel of a largechord N. A. C. A. 23012
airfoil with several arrangements of venetian-blind flaps to
determine the aerodynamic section characteristics as af-
fected by the over-all flap chord, the chords of the slats
used to form the flap, the slat spacing, the number of slats,
and the position of the flap with respect to the wing.
Complete section dala are given in the form of graphs for
all the combinations tested.

The optimum arrangement of the venetian-blind flap
was a combination in which the flap was located near the
wing trailing edge. These arrangements of the venetian-
blind flap were superior to any flaps previously tested for
producing lift and giving low drag coefficients at Ligh lift
coefficients. The wing with this flap, however, had very
large pitching-moment coefficients. When operated as
split flaps, the venetian-blind flaps were inferior to the
simple split flap in producing lift.

INTRODUCTION

The National Advisory Committee for Aeronautics is
undertaking an extensive investigation of various wing-
flap combinations to furnish information applicable to
the design of high-lift devices for improving safety in
flight. One of the most promising arrengements devel-
oped to date in this research is reported in reference 1.
The arrangement is a slotted flap capable of giving high
maximum lift coefficients, low drag coeflicients at mod-
erate and high lift coeflicients, and high drag coeffi-
cients at high lift cocfficients. This combination was
still further improved by the addition of an auxiliary
slotted flap, the investigation of which is reported in
reference 2. The results of these tests indicated that
still further improvement might be obtained by the use
of a multiply slotted flap. Special types of multiply
slotted flap—for example, the venetian-blind flap—have
been suggested by E. ¥. Zap and also in reference 3.

The present report gives the results of an investiga-~
tion of an airfoil with several arrangements of venetian-
blind flaps. The spacing, the chord, the position, and
the number of the sluts composing the venetian-blind
flap were considered.  Some data for simple split flaps

are also included for comparison with the data for
venetian-blind flaps.
MODELS

PLAIN AIRFOIL

The besic wing, or plain airfoil, used in thesc tests was
built to the N. A. C. A. 23012 profile and had a chord of
3 feet and a span of 7 feet ; it was previously used for the
slotted-flap investigation of reference 1. New trailing-
edge picces were made for the model with necessary cut-
outs for the new flaps.

VENETIAN-BLIND FLAPS

The venetiun-blind flaps were made of small slats
arranged to pivot on arms that were, in turn; pivoted to
the wing. The deflection of the complete system of
flaps is referred to as &;,. The defloction of the indi-
vidual slats on the arms is designated 8§, When the
individual slats are deflected differentially with respect
to ench other, the subscript carried by &, refers to the
number of the slat on the supporting arm starting from
the one nearest the axis of the arm. The various
arrangements of venctian-blind flaps are shown in fig-
ures 1 to 4 with the flap both retracted and in the
optimum deflocted position as determined from the
tests.

- i e = 3

Slat detoil N oo
7/
Yot T . a. 650"
R 70 \ b, 6, <60
C, 040 =144 N
+ =z hinge oves \
AN
FIGURE | Section of N. AL C0 AL 200 airfoil with o venetinp-blind tnp hinved

nt 0.55¢; ten 0.04c siats,

The arrangement of the 10-slat venctian-blind flap is
shown in figure 1. Eaeh of the slats had u chord 4 per-
cent of the basic wing chord; the sum of the chords of
the slats was therefore 40 percent of the wing chord.
Each slat was of solid brass with a round nose and o
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sharp trailing edge, as shown in the detail of figure 1, and
was made to pivot on the supporting arm sbout the
midchord point of its lower surface. The supporting
arms were, in turn, pivoted 5 percent of the wing chord
ahead of the first slat to provide a slot between the slats
and the wing when the complete system was deflected.

Several arrangements of a venetian-blind flap with an
over-all chord 40 percent of the wing chord are shown in

figure 2. In all arrangements, the flap was composed of
slats with chords 10 percent of the wing chord. These
slats were built of wood to the Clark Y profile.  They

were pivoted on the supporting arms about the quarter-
chord point of their lower surface. The arrangements
of the five, the four, and the three slats shown in figure 2
were made to determine the optimum spacing of the
slats. The filler blocks shown on the arrangement with
three slats retracted were removed for tests with the
flap deflected.

In order to determine the effect of over-all chord of
the venetian-blind flap, the models were tested with
flap chords 40, 30, and 20 percent of the wing chord, as
shown in figure 3. The same Clark Y slats were used
for this model as are shown in figure 2. As may be
seen from figure 3, the 40-percent-chord flup was com-
posed of four slats, the 30-percent-chord flap was com-
posed of three slats, and the 20-percent-chord flap was
cemposed of two slats.

—c = 36"

@
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The venetian-blind flaps shown in figure 4 are the
same as those shown in figure 3 except for the position
of the arm axis, which is on the lower surface of the main

: ¢ - 36 |

)

+ = hinge oxes

{(a) The 0.35¢ Jocation; four slsts.
(h) The 0.85 location; three siats.
(¢) The 0.75 location; two alats.
Floune 3.—8ections of N. A. C. A. 23012 alrfol} with 8svera) arrangements of vene-
tian-blind Aaps hinged at difterent axis locations; 0.10¢ siats.

airfoil one-half of 1 percent of the wing “chord ahead of

axis was estimated, from results of previous tests of
slotted and Fowler flaps, to be the most promising axis

¢ =36°

+ = hinge agxes

(a) Five slats spaced 0.7 1.
(1 Four siats spaced 1.00¢,.
(¢) Three sits spaced ) Sk,
Fiovre 2.—Rections of N. A C. A, 2012 airfoil with severnal arrnneements of vene.
tian-blind flnps hinved ut ditlerent 0.55; 0.10c slats.

+ = liNge uacLs
() Four slats,
(M Fhree siats,
(©) T'wo shats.
Fiovre $.—Sections of N. A, C. A, 23012 airfoil with several arrancements of vene-
tinn-blind daps hinged at 6 995 0.10c shats.

the trailing edge of the wing. This position of the arm _.

\
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loeation for the venetinn-blind flap.  This arrangement
provided a gap of about 1 percent of the wing chord
between the first slat and the trailing edge of the wing
when the arms were deflected to the optimum position.

TESTS

The models were mounted in the closed test section
of the N. A. C. A. 7- by 10-foot wind tunnel so as to
span the jet completely except for small clearances at
each end. (See references 1 and 4.) The main airfoil
was rigidly attached to the balance frame by torque
tubes, which extended through the upper and the lower
boundaries of the tunnel. The angle of attack of the
model was set from outside the tunnel by rotating the
torque tubes with a calibrated drive. Approximately
two-dimensional flow is obtained with this type of
installation and the section characteristics of the model
under tost may be determined.

A dynamic pressure of 16.37 pounds per square foot
was maintained for most of the tests, which corresponds
to a velocity of 80 miles per hour under standard atmos-
pheric conditions and to an average test Reynolds
Number of about 2,190,000. Because of the turbulence
in the wind tunnel, the effective Reynolds Number R,
was approximately 3,500,000. For all tests, R, is based
on the chord of the airfoil with the flap retracted and
on a turbulence factor of 1.6 for the tunnel.

Each arrangement of the venetian-blind flaps was
tested with the flap fully retracted to determine the
effect of the breaks in the lower surface of the airfoil
on the drag. Tare tests were also made to determine
the effect of the supporting arms.

All arrangements of venetian-blind flaps were tested
with the arms deflected 30°, 60°, and 90°. For each
arm deflection, the slats were deflected various amounts
to determine the optimum arrangement from considera-
tions of maximum lift. Tare tests were made to deter-
mine the effect of the supporting arms when deflected
60°.

An angle-of-attack range from —4° to the angle of
attack for maximum lift was covered in 2° increments
for cach test. Lift, drag, and pitching moment were

“measured at each angle of attack.

RESULTS AND DISCUSSION

COEFFICIENTS

All test results are given in standard section nondi-
mensional coefficient form corrected as explained in
reference 1.

¢; section Lift coefficient ([/gc).
Cao section profile-drag coefficient (do/gc).
section pitching-moment coefficient about aero-

Cmeg. c.)
’ dynamic center of plain wing (m(, .,,/g¢?).

where
! section lift.
d, section pmﬁle drag.

23012 AIRFOIL WITH VENETIAN-BLIND FLAPS 3

M. cay section pitching moment.

¢ dynamic pressure (! p17).

¢ chord of basic airfoil with flap fully retracted.
as angle of attack for infinite aspect ratio.

3, deflection of individual slats.

7. deflection of complete system of faps,

and

PRECISION

The necuracy of the various measurements in the tests
is believed to be within the following limits:

a - - .. £0.0° Clogyyoygy - - +0.0006
Clmaz - cnone-- +0.03 Caogyopyy - ---- £0.002
Cma, e . +0.003 O - - . 20
Clppgn — - +0.0003 ... . - £0.5°

Slat position__.__ +0.001¢
The accuracy of the individual slat deflection §, refers
to the settings of the slats relative to each other; the
accuraey of the setting to the reference line (the lower
surfuce of the wing) is £2°.  Likewise, the sccuracy of
the slat position is the spacing on the supporting srms.
The data have been corrected for the error duoe to
support interference as determined from specinl tests
with dwmmy supports in place.

PLAIN AIRFOIL

The acrodynamic section characteristics of the plain
N. A. C. A. 23012 airfoil as determined in the two-
dimensional-flow installation are given in figure §.
These data were taken from reference 1 and require no
further discussion here.
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VENETIAN-BLIND FLAP
Effect on ¢4 of retracted flaps.—The increments of
profile-drag coefficient cuused by the breaks in the wing

fower surface with the various arrangements of venetinn-
blind flaps retracted are shown in figure 6. The drag

{ T R y
i [ A A
0040 [ -‘\L — ,,/ -
P I L el
B | T i
4 2 { l ' | L
cmZ A ] ; | ] i | i i | '
‘t. V Iwo siafs ot (0.725¢ [
v Three - . 55+« —— —— i '
82 o0ze S iy —t
§§. FFO.UP - - 55' ——— o c—— ,'/
e - N . P m— - — Xya!
$8 Fem - - - . ——
$8.00i6
8
3
&'C.OMB
00
Y

Q9 174 14

.2 4 .6 .8
Section lift coefficient, ¢,

FiGURE t.—Eflect of retracted venetisn-blind flape on profile drag of airfoil.

increments were obtained by taking the difference be-
tween faired drag curves of the respective combinations
(after deduction of the drag due to the slat-supporting
arms) and the plain wing. The drag increments are
therefore only the increascs due to breaks in the wing
surface.

The flaps composed of two and three slats hinged,
respectively, at 0.75¢ and 0.65¢ showed practically no
offect on the increment of profile-drag coefficient for lift
coefficients less than 0.3 within the experimental aceu-
racy of the tests. The increments of profile-drag co-
cfficient reuched about 0.(01 for these combinations,
however, at a lift coefficient of 1.0.

The flaps composed of threc and four slats hinged wt
0.55¢ gave an increment of profile-drag coefficient of
about 0.0008 at a lift coefficient of 0.2, which increased
to about 0.0014 at lift cocfficients greater than 0.7.

The flap composed of 10 slats hinged at 0.55¢ gave
an approximately constant increment of profile-drag
coefficicnt of about 0.0014. 1f sufficient care is used
in tho design and the construction of the slats and the
supports, nono of these arrangements should be in-
ferior to the arrangement with two slats hinged at the
0.75¢ location.

The arrangement with five slats hinged at the 0.55¢
axis gave increments of profile-drag coeflicient of from
0.003 to 0.004, which are prohibitive. This arrange-
ment (fig. 2 (a)) appears to be aerodynamically inferior
when retracted.

Effect on Ci,,, of deflecting flaps.—In order to
determine the optimum arrangement of venetian-blind
flaps from considerations of maximum lift coefficient,
the various arrangements have been compared in

|

!
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figure 7 on the basis of the increase of section maxunum
lift cocllicient AC€i,,; due to deflecting the flap. 'This
Atp,, is the difference between the maximum lift
coeflicients of the wing with the flap deflected and the
the flap neutral, both at the same air speed.

The effeet on A€, of varving the spacing and the
size of the slats composing the venctian-blind flap is
shown in figure 7 (a). The 10-, the 5-, and the +4-slat
flap arrangements all give about the same 3Ci,,, at a
given ann setting.  The optimum setting in all cases
was with the slat-supporting arms down 60° and with
the slats deflected so that the tlaps were similar to a
0.45¢ split flap with a gap. The flap arrangement with
the three slats was inferior to the other arrangements
as a lift-increasing device. It appeared. therefore,
that the optimum spacing of the slats (distance between
slat hinge axes) was o spacing of one slat-chord length
and that there was no advantage of using a large num-
ber of small-chord slats instead of a few slats of large
chord.

The effcet on A€i,,, of varving the over-all chord of
the venetian-blind tlap by varviug the number of slats
is shown in figure 7 (b). The arrangements with three
and four slats were slightly superior to the arrangement
with two slats. None showed any improvement, how-
ever, over a simple split flap of corresponding over-all
chord length, as shown by some curves for the simple
split flaps, which are plotted for comparison. (See also
reference 5.) : \&

When the two-, the three-, or the fourslat flapy
arrangements were moved to the trailing edge of the
wing and deflected (simnilar to a Fowler flap), the Scime:
was greatly increased (fig. 7(c)). The optinum sct-
tings for each of the combinations were obtained with
the 60° deflection of the supporting arms. In order
still further to improve these arrangements, differential
slat settings were tried with the combinations deflected
60°. In all cases, the effect was to increase Acin,; (fig.
8); the best arrangement was the one with four slats,
which gave a Acin,; of 2.1. Inorder to show the effect
of over-all flap chord on Acip.s, the optimum A¢,,.. for
cach of the three arrangements is plotted against flap
chord in figure 9 along with the results of the tests of a
Fowler wing from reference 1. When based on the arca
of the wing with flap retracted, the Aci.,, increased
ncarly linearly with flap chord over the complete range
tested. When based on the sum of the areas of the wing
and the flap, the Ac;nm,; will be little increased by using
chord lengths of the venctian-blind flaps greater than
0.30c. The loading per unit area was about the same
for the thrée- or the four-slat venetian-blind flap as for
the corresponding split flaps. (See figs. 7 and 9.) The
venetian-blind flap was superi e Fowler flap
(references 1 and 6) of the same over-all chord. Tt is
probable that better arrangements of the venetian-
blind fiaps can be obtained by e better location of
successive slats.

‘“
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Aerodynamic characteristics of arrangements hinged
at 0.55c.—The complete aerodynamic section charac-
toristics of the various arrangements of venetian-blind
flaps hinged at 0.55¢ are given in figures 10 to 13.  Each
of these figures is divided into three parts, the character-
istics for onc arm setting being given in cach part. The
characteristics of the arrangements with 10, 5, and 4

28 -
i S} venetion-blind fiop

;24 g
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FIGURK ¥.—Variation of increment of maximum lift coeflicient with chord of
vepetisn-blind fiap; 0.10c siats at 0.905¢ axis.

slats (fligs. 10 to 12) are all about the sume.  The most
striking thing about these results was the large deerease
in profile<rag cocfficient with lift cocfficient for the
large flap deflections. The arrangement with three
slats (fie. 13) was inferior to the others from considera-
tions of high lift. A slat spacing of one chord length
therefore appears to be most desirable because it is
least complicated and closer spacing is not beneficial.
There being practically no choice serodynamically
between the 10- and the 4-slat flaps, the 4-slat flap is
somewhat superior because it is simpler structurally.

Aerodynamic characteristics of combinations at dif-
ferent axis locations.—The aerodynamic section char-
acteristics for the three- and the two-slat flaps hinged,
respectively, at 0.65¢ and 0.75¢ are given in figures 14
and 15. The characteristics of the twe-, the thtec-,
and the four-slat flaps are dircetly comparable, respee-
tively, with the 0.20c,, the 0.30ce, and the 0.40c.
split flaps of reference 5. The drag was higher for all
deflections for the venctinn-blind flap than for the
simple split flap, The pitching-moment coefficicnts
were about the same as for the split flap of the same
chord. The venetian-blind flaps hinged ns simple split
flaps were therefore inferior to the simple split flap
except for very high drags. The four- and the three-
slat flaps (figs. 12 and 14) gave both higher drags and
larger pitching-moment cocfficients than the two-siat
flap (fig. 15).

Aerodynamic characteristics of combinations hinged
at 0.996c axis.—The complete aeradynamic section
characteristics for the fouf- the three-, and the two-

slat flaps are given, respectively, in figures 16 to 18.
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These arrangements were the only ones that showed
any particular promise from a consideration of high
maximum lift. The effects on profile-drag coeflicient
at various lift coefficients are listed for these arrange-
ments in the following table.

COMPARISON OF VENETIAN-BLIND FLAPS LOCATED

AT 0.995¢

( ]
! Cdy |
i Number | J, (deg) .
. ofslats | ¢ i
; j cami S| =20 | cm2s | =30 |
I 4 0 0.026 Q.038 0.058 ..
ol w 027 | 033 | .o | 082
|4 0 08 | 082 | lew | 240
.3 20 o2 | oa7 | Lose | ...

3 60 02 | 036 | .08 | ioo

3 % 036 | .088 { o8 | 290

2 30 o | .00 | 080 | .. ...

2 ®© 026 ( .038 { [oss { (11110
P2 % 032 | 082 | .oes [111110
| 0.2067¢, Fowler flap b

(reference 1) . ..... 027 1 040 ! 062 | ........
© 0.2500c slotted fiap | : :

(reference 1) ......, .028 042 075 .l

The results from reference 1 for the Fowler flap and
the best slotted flap are included in the table for com-
parison.

At a lift coefficient of 1.5 for the optimum settings,
all arrangements of venetian-blind flaps gave results
equal to or better than the best slotted flap or the Fowler
flap of referonce 1. - With the supporting arms deflected
60°, all three arrangements of venetian-blind flaps were
of about equal merit.

At a lift coefficient of 2.0, the venetian-blind flap with
two slats had profile-drag cocfficients about 10 percent
less than those of the best slotted flap of reference 1.
The three- and the four-slat flap arrangements were pro-
gressively better than the two-slat arrangement. The
venetian-blind flap with four slats had profile-drag co-
efficients 25 percent less than that of the best slotted
flap of reference 1. All the venetian-blind flap arrange-
ments with the best settings were superior to the Fowler
flap at a lift coefficient of 2.0. e arrangements
give the lowest drag with the supporting arms deflected
60° at this lift coefficient.

At s lift coefficient of 2.5, the venetian-blind flaps had
lower drag coefficients than the best slotted flap of ref-
erence 1. The profile-drag coefficient was from 16 per-
cent less for the two-slat arrangement to 35 percent less
for the four-slat arrangement than that for the best
slotted flap of reference 1. The two-slat arrangement
in its best settimg, however, was slightly inferior to the
Fowler flap of reference 1. The optimum supporting-
arm deflection was 60° for this lift coefficient also.

At a Jift coefficient of 3.0, the four-slat arrangement
had a profile-drag coefficient only 10 percent higher than
that of the best slotted flap at a lift coefficient of 2.5.

With the optimum differential setting of the slats
(figs. 16 to 18), the variation of angle of attack with lift
wag approximately linear. This result was not true for

the optimum uniform setting of the slats,  Apperently,
the flow over the sluts is controlled much better with
the differential angle settings of the slats. It is probable
that better differential arrangements may be obtained
by u different spacing of the individual slats.

The pitching-monment cocfficients of these arrnge-
ments (figs. 16 to 18) were nbout the same as for Fowler
flaps of the same over-all chord (references 1 and 6).
The piteching-moment coeflicients were very large, reach-
ing a value of nbout 1.0 for the arrangement with four

slats,
CONCLUDING REMARKS

The results of these tests indicated that the venetian-
blind flap, when operated near the wing trailing edge,
was superior to any previous flap tested as a lift-
increasing device and was also superior on the basis
of low drag coefficients at high lift coefficients. The
wing with this flap, however, had very large pitching-
moment coefficients The venetian-blind flaps, when
operated as split flaps, produced less lift than simple
split flaps of the sume over-all chord.

“The tests also indicated that the best spacing of the
slats in the venetian-blind flap was one slat-chord
length and that there was no advantage in using 10
small slats in preference to 4 large slats in a fap of a
given over-all chord length. Additional tests are de-
sirable of the 30- and the 40-percent chord venetian-
blind flaps operated near the wing trailing edge and
using different numbers of slats and slats of different
airfoil scctions. In these tests, particular attention
should be devoted to the differential angle settings of
the slats and to the slat spacing.

LiNGLEY MEMORIAL AERONAUTICAL LABORATORY,
NatTioNaL Apvisory COMMITTEE FOR AERONAUTICS,
LancLey Fiewp, Va., January 10, 1939.
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Positive directions of axes and angles (forces and moments) are shown by arrows

Azxis Moment about axis Angle Velocities

Force

. Linear
pmienion |05 | B8 | mesin || ET | P | | e

" Longitudinal.__ x| x |Rotting-| L | Y—z |Roll.._.. ¢ u ’
Lateral ... .___. Y Y Pitehing._..| M Z—X | Pitch.._.| ¢ v '
Normal. _._...... Z Z ‘sawing....| N X—Y | Yaw..... v v r -
Absolute coefficients of moment Angle of set of control surface (relative to neutral
: L M N position), 8. (Indicate surface by proper subseript.)
al-am ag—iex . a‘—m ) e _
(rolling) _ (pitching) Gawing) : A

4. PROPELLER SYMBOLS

5’ G;om?t:li.c pitch P,  Power, absolute coefficient C,=p-“l;ﬂ
%!'D ’ Pni;chwr::iloocity C,,  Speed-power coeﬂicient={/‘}’,—1?
V.: Slipatream velocity i n Efficiency

n, Revolutions per second, r.p.s.

T,  Thrust, absolute coefficient Cr=
’ abeolu cient Cr Effactive helix m&“""‘n_l(z_vﬁn')

KR
»

ks

Q, Torque, absolute coefficient Cgm=

- & NUMERICAL RELATIONS '
1 hp.=76.04 kg-m/s=550 {t-1b./seoc. 1 1b.=0.4536 kg.

1 metric horsepower=1.0132 hp. 1 kg=2.20461b. ' -
1 m.p.h.=0.4470 m.p.s. ) : 1 mi.=1,609.35 m=>5,280 ft.
1 m.p.s.=2.2369 m.p.h. S 1 m=3.2808 ft.
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